To investigate whether the presence of infections in C57BL/6 mice influences the metastatic ability of B16 melanoma (B16M) cells, we compared the susceptibility to metastasis development of pathogen-free mice with that of mice from a colony endemically infected with several mouse pathogens. We found that, compared to seronegative controls, mice that were seropositive at least to Mouse Hepatitis Virus (MHV) and Mycoplasma pulmonis: (i) exhibited a higher interindividual variability in all the parameters quantifying metastatic progression; (ii) had elevated serum levels of proinflammatory cytokines both before and at the end of the experiment; (iii) were more susceptible to hepatic metastasis. Interestingly, final levels of tumor necrosis factor (TNF)-a and interleukin (IL)-18 correlated with the extent of hepatic colonization by the melanoma cells. To confirm the metastasis-enhancing effect of MHV and M. pulmonis we measured the ability of B16M cells to metastasize in pathogen-free animals housed for increasing time-intervals in the vicinity of MHV + animals. Notably, susceptibility to metastasis was lower in animals seronegative to MHV than in MHV + mice, whereas the latter were less susceptible to metastasis than MHV + M. pulmonis + mice. Seropositive animals had increased levels of TNF-a and IL-18 suggesting that MHV and M. pulmonis enhance the metastatic ability of melanoma cells by inducing the release of proinflammatory cytokines. While our results highlight the importance of using pathogen-free animals in metastasis studies, they emphasize the need for a comprehensive health monitoring of the mice used in such studies, particularly in case of using facilities lacking appropriate containment measures.
Introduction
It has been known for decades that the presence of certain infectious agents in laboratory animals used as models of human diseases can significantly influence experimental results [1] . More recently, the advent of highly sensitive diagnostic techniques has revealed subtle physiological changes triggered by microbial colonization [2] . Interference due to microorganisms can also affect the validity of metastasis studies since it has been reported that many microbial infections are able to alter the immune response or even interfere with the pattern of progression of certain tumors [1, 3] . As a consequence, microorganisms that were classically considered as mere commensals have been shown to significantly affect the pattern of proinflammatory cytokines and therefore the relevance of their presence in an experimental animal needs to be re-evaluated [4] .
Whereas in some instances interference due to unwanted microorganisms can lead to false conclusions in animal studies, in other occasions it causes a marked increase in the interindividual variability [5] , which may preclude the achievement of conclusive results. Such an outcome may force the use of an unnecessary high number of animals per group, thereby disregarding basic ethical principles and causing a waste of resources.
Although some microbial pathogens induce clinical symptoms in their animal hosts, most of them cause mild disease or even asymptomatic infections, particularly in animal settings where such infections are endemic [1] . For instance, in many mouse colonies throughout Europe viruses such as Mouse Hepatitis Virus (MHV), Minute Virus of Mice (MVM), Sendai virus and Pneumonia Virus of Mice (PVM) are still endemic [6] and can potentially cause chronic infections that are often silent in immunocompetent animals [7] .
To evaluate the potential interference due to infections it is necessary to first conduct a periodic health monitoring program of the experimental animals [8] [9] [10] . Logically, such surveillance should aim at detecting the microbial agents that are known to be relevant for each animal species according to the recommendations published by Institutions like the Federation of European Laboratory Animal Science Associations [10] and other consensus documents available [11] . Among the surveyed microorganisms, a particular attention should be paid to detecting those agents that have already been reported to interfere with a given animal model of metastasis [1, 7] .
In the field of metastasis research the awareness of the potential interference related to the presence of microorganisms has led many investigators to use Specific Pathogen Free (SPF) animals obtained from commercial sources in their studies. However, in many instances authors fail to clarify whether or not the animals were maintained and handled using containment measures aimed at minimizing the risk of infection. More importantly, very few studies undertake comprehensive health monitoring of the animals at intermediate time-points or at least at the end of the experiment to confirm that the animals remained free from infection through the course of the experiment. Such surveillance appears to be of key importance in those studies in which SPF animals are exposed to endemic pathogens in conventional facilities lacking the appropriate containment barriers.
To our knowledge there are no studies on the impact that common pathogens endemic in a mouse colony can have on a model of metastatic progression. Furthermore, there is no information on the experimental interference that could potentially derive from exposing SPF mice used for these studies to such mouse pathogens. This is precisely the likely outcome of some studies that fail to take the basic measures of microbial containment. To experimentally address these studies we made use of a well-established mouse model of hepatic metastasis caused by the intrasplenic inoculation of B16 melanoma cells into C57BL/6 mice.
Material and methods

Animals
C57BL/6 male mice, 8-10-weeks old (20-25 g body weight), were obtained from the institutional vivarium and from Harlan (Barcelona, Spain). Animals provided by the former and latter sources will henceforth be designated as in-house animals and commercial animals, respectively. Whereas the health status of the in-house animals was not provided by the breeder, commercial animals were certified to be SPF. Upon receiving the mice into the vivarium and before any experimental procedure was conducted on them, animals were granted a recovery period of at least 3 days.
Before the beginning of each experiment, a group of randomly selected mice was sacrificed by cervical dislocation and the presence of common murine pathogens in the animals including bacteria, viruses, dermatophytes, ectoparasites and endoparasites was analysed by direct and indirect microbiological methods (culture, microscopic inspection of feces, serology). In addition, samples from all major organs were collected and subjected to histopathological examination. During the course of the experiments mice were housed in polycarbonate cages containing wood chip bedding (29/12 Plus, Souralit, S.L., Bobadilla-La Rioja, Spain) and placed under conventional laboratory conditions. Animals were fed with rodent maintenance diet (AO4, Panlab, S.L., Barcelona, Spain) and provided with water ad libitum. Blood samples for serum analyses were obtained from the retro orbital plexus of animals previously anesthetized with ketamine (Imalge`ne 500, Merial, Lyon, France), 80 mg/kg, i.p. Animal housing, their care, and experimental procedures were conducted in conformity with institutional guidelines that are in compliance with European policies. 1 Culture of melanoma cells B16M cells (B16F10 subline) were cultured in endotoxin-free Dulbecco's modified Eagle's medium (Life Technologies, Inc., Grand Island, NY) supplemented with 10% fetal calf serum, and penicillin-streptomycin (100 U/ml penicillin, and 100 lg/ml streptomycin). Cultures were maintained and propagated as described previously [12] .
Hepatic metastasis assay
Hepatic metastases were produced by the intrasplenic injection into anesthetized mice (Nembutal, 50 mg/kg i.p.) of 3Â10 5 viable B16M melanoma cells suspended in 0.1 ml Hanks' balanced salt solution. Mice were sacrificed by cervical dislocation on the 12th day after the injection of cancer cells. In some experiments, animals received an intravenous injection of either 0.5 mg/kg of LPS from E. coli (Sigma) or the same volume (0.1 ml) of sterile saline 6 h before B16M cell inoculation. Liver tissue was fixed by immersion into a solution of 10% formaldehyde in phosphate buffer saline (pH 7.4), and processed for routine histology. Densitometric analysis of digitized microscopic images was used to discriminate metastatic B16M from normal hepatic tissue. Liver metastasis density (as foci number per 100 mm 3 of liver) was determined using stereological procedures described previously [12] .
Cytokine analysis
Concentration of cytokines in animal serum from peripheral blood was measured by using specific ELISA kits for mouse TNF-a and IL-18 (R & D Systems, Minneapolis, MN) according to the manufacturer's instructions.
Statistical analysis
Experimental data were expressed as means±standard deviation (SD). All the statistical analyses were performed by using SPSS software (SPSS 10.0 for Windows, SPSS Inc. Chicago Ill.). For the comparison of parametric data Student ''t'' test was used whenever two sets of values had to be compared, whereas one-factor ANOVA was used to compare more than two groups of values. The comparison of non-parametric data was performed by using either the Mann-Whitney U test (for two groups) or the Kruskal-Wallis test (for more than two groups). The statistical significance was expressed as *(P<0.05) and **(P<0.01).
To statistically assess the significance of the differences in SD, data were subjected to the two-tailed Snedecor-Cochran test. When differences in SD were found to be significant, the minimum sample size required for discrimination between data with such SDs was calculated assuming Power and Alpha values of 0.9 and 0.05, respectively.
Stepwise multiple lineal regression analysis was performed for the number of metastases versus all the independent explanatory variables (presence or absence of infection due to MHV or Mycoplasma pulmonis or infestation by Aspiculuris tetraptera), coded as 0 or 1.
The binary variables with a statistically significant influence on the number of metastases were selected and included in the model. Correlation was evaluated based on the Pearson's square coefficient at P<0.05 and partial correlation coefficients were used to evaluate the percentage of variability in the number of metastases explained by the effects of all the independent variables described earlier with significance at P<0.05.
Results
Assessment of the presence of relevant mouse pathogens in animals from an in-house source
Since the C57BL/6 mice provided by our institutional vivarium (henceforth designated as in-house mice) were not certified to be SPF, we first conducted a detailed microbiological and serological analysis on a randomized group of these animals (n=18) to determine whether they were colonized by any of the infectious agents known to be prevalent in mouse colonies. As a control, the same analyses were carried out on a group of C57BL/6 SPF-mice (n=10) purchased from a commercial vendor (henceforth designated as commercial animals) and matched in age and sex with the in-house group. As shown in Table 1 , while commercial mice consistently rendered negative results in all the diagnostic assays, antibodies to MHV and M. pulmonis were detected in 88.9% and 77.8%, respectively, of the inhouse mice tested. In addition, visual inspection of the large bowel revealed the presence of adult forms of the helminth A. tetraptera in 100 % of the in-house animals whereas this type of endoparasite was undetectable in the commercial mice. These results allowed us to classify the in-house mice as non-SPF animals and to confirm the SPF status of the commercial mice. Importantly, neither macroscopic nor microscopic examination of organs (kidney, liver, lung, small and large bowel) of in-house mice revealed any clinical manifestation or lesion which could be specifically associated with the presence of MHV or M. pulmonis (data not shown).
Experiment 1: Comparative analysis of the metastatic potential of B16 melanoma cells in non-SPF and SPF animals
To investigate whether the pattern of microbial colonization detected in the in-house mice could influence in some way the susceptibility of these animals to metastasis, we compared the ability of intrasplenically inoculated B16 melanoma cells (B16M cells) to metastasize in the liver of mice of domestic and commercial origin. For this purpose, groups of in-house and commercial animals of the same sex and age were intrasplenically inoculated with B16M cells and the metastatic colonization of the liver was assessed on day 12 postinoculation. As shown in Figure 1b and d, although differences in metastatic density between both types of animals were not statistically significant (118.9±20.8 vs. 126.4±62.9 in commercial and inhouse mice, respectively), the degree of experimental dispersion was found to be noticeably higher in the in-house than in the commercial animals (see Figure 1a and c). Statistical analysis revealed that differences between those two SD values of metastatic density were highly significant (P=0.0091).
Furthermore, results of a microbiological analysis performed on the animals at the beginning of the experiment confirmed our previous observations indicating that the in-house mice were positive to M. pulmonis (75%), MHV (100%) and A. tetraptera (100%), while all commercial animals (n=4) tested negative for those pathogens (see Table 2 ). However, when a similar analysis was performed on the animals used in this experiment after its conclusion (at day 12 postinoculation), antibodies to MHV were detected in 88.9% of the commercial animals and the pattern of microbial colonization in the in-house animals did not differ from that described at day 0.
Experiment 2: Comparative study of the metastasisinducing potential of LPS in non-SPF and SPF animals
It has been previously reported that the intravenous injection of LPS in mice triggers the secretion of certain types of proinflammatory cytokines, such as TNF-a and IL-18, which in turn enhance the metastatic potential of co-inoculated melanoma cells [13] [14] [15] . To study whether the stimulatory effect of LPS on the metastatic progression of B16M cells may differ in mice harboring natural infections, we compared the metastatic capability of melanoma cells in commercial and in-house mice that had previously received an intravenous injection of LPS. In this experiment, groups of in-house and commercial animals received either LPS or only saline as placebo, and 6 h later all the animals were intrasplenically injected with the B16M cells. On day 12 postinoculation, metastatic density was assessed in the liver of the animals.
In agreement with our previous observations, the interindividual variability in this experiment was higher in the in-house mice than in the commercial animals (see Figure 2a ). This conclusion held true both in the animals treated with LPS and in those control animals that received placebo. Interestingly, the pro-metastatic effect of LPS was significantly higher in the in-house mice than in the commercial animals (Figure 2b ), although pre-treatment of animals with LPS enhanced the metastatic potential of the B16M cells regardless of the SPF status of the animal (P<0.05). Unlike in experiment 1, B16M cells displayed in this occasion a higher ability to metastasize in those in-house mice that only received placebo compared with the equivalent group of commercial animals (P<0.01; see control mice in Figure 2b ). However, it is important to point out that whereas 37.5% of the commercial animals used in this experiment remained MHV ) through the course of the experiment (data not shown), only 11% of the commercial animals used in experiment 1 were found to be seronegative to MHV at the end point (see Table 2 ). In contrast, the pattern of microbial colonization of the in-house mice used in experiment 2 did not differ from that previously mentioned for the in-house group used in experiment 1 (see Table 2 ) at both timepoints (data not shown).
Determination of the serum levels of proinflammatory cytokines in SPF and non-SPF animals treated with LPS To study if these differences in susceptibility to metastasis could be linked to variations in the serum levels of proinflammatory cytokines, concentrations of TNF-a and IL-18 were determined in the in-house and the commercial animals used in experiment 2 both at the beginning and at the end points. Interestingly, serum levels of TNF-a and IL-18 before the inoculation of LPS (i.e. basal levels) were approximately 100% and 50% higher in the in-house than in the commercial mice (46.6 pg/ml±6.5 vs. 21.4 pg/ml±5.8, respectively, for TNF-a and 149.5±9.3 vs. 93.0±8.5, respectively, for IL-18). As shown in Figure 3 , levels of both cytokines at the end of the experiment were uniformly elevated in all the animal groups that received placebo (see ''control mice'') with respect to their corresponding levels before the B16M cell inoculation. Statistical analysis performed on these data revealed the existence of significant increases in the final levels of both TNF-a (P<0.01) and IL-18 (P<0.05) in the in-house animals when compared with the values measured in the commercial animals.
On the other hand, pretreatment with LPS potentiated the release of cytokines in both groups (P<0.05) relative to levels detected in control mice (see Figure 3) . More importantly, the final concentration of TNF-a (Figure 3a) and IL-18 ( Figure 3b ) in each experimental group closely correlated with the magnitude of the metastatic process measured in that particular group (compare Figures 2 and 3) . Thus, treatment of commercial mice with LPS resulted in levels of both cytokines that were indistinguishable from those measured in the group of in-house mice that received placebo. 
Evaluation of the metastatic potential of B16M cells in SPF vs. naturally infected mice Experiment 3
We previously showed that most of the SPF mice housed inside our animal facility for at least 14 days became seropositive to MHV while consistently testing negative for the rest of the pathogens analysed. We took advantage of this situation to compare the susceptibility to metastasis of commercial mice that had seroconverted to MHV with that of commercial animals immediately after their arrival (i.e. MHV ) ). For this purpose, two groups of commercial mice were purchased at precise time intervals so that they were of the same age at the time of their inoculation with B16M cells. Specifically, the administration of the melanoma cells was performed when the animals purchased first and second had spent 14 and 3 days in our vivarium, respectively. Unlike in our previous experiments, the microbiological analysis of mice at the end of this experiment did not reveal seroconversion to MHV in any of the animals (n=18), not even in those that had spent 26 days in the vivarium (data not shown). On the other hand, infestation with A. tetrapetra was detectable only in the animals housed in the vivarium for at least 26 days. As shown in Figure 4 , all the animals used in this experiment exhibited a homogeneous susceptibility to metastasis irrespective of being colonized with A. tetrapetra and their varying duration of housing in our vivarium. Furthermore, the interindividual variability in metastatic density was found to be within the rather tight range characteristic of SPF commercial animals.
Experiment 4
To maximize the chances of promoting transmission of MHV, animals from the long-term-housing group were allowed to stay 4 more days in the vivarium (18 days instead of 14) before B16M cell inoculation. In addition, those animals were placed upon their arrival in direct contact with in-house mice seropositive to MHV and M. pulmonis for three days. These modifications were successful and thus all the animals from the long-termhousing group were confirmed to be MHV + 1 day before B16M cell inoculation (i.e. on day 17 after their arrival; Table 3 ). The microbiological analysis also revealed that these animals were free from infestation by A. tetraptera and seronegative to M. pulmonis prior to their inoculation with B16M cells (Table 3 ). The group of commercial animals comprising the short-termhousing group received an identical inoculum of melanoma cells but only 3 days after their arrival. As in previous experiments, all the animals were sacrificed on day 12 postinoculation and the colonization of the liver by B16 M cells was evaluated at that time-point.
As shown in Figure 5b , metastatic density was statistically increased (P<0.05) in animals housed in the animal facility for 30 days compared with those kept for only 15 days. Most likely, this difference was due to the increased number of smaller metastases (<1 mm in diameter) detected in the former animals (P<0.05; Figure 5d ). Interestingly, experimental variability between individuals of the group of longer duration of housing was markedly higher than that exhibited by the short-term-housing group (Figure 5a and c) .
Finally, the microbiological analysis performed on all the animals at the end of this experiment (day 30), revealed the presence of antibodies to MHV in 100% of the animals from both the short-term and the long-term housing groups (Table 3) . While MHV was the only detectable pathogen in the former animals, seroconversion to M. pulmonis and infestation by A. tetraptera was detected in 75% and 100%, respectively, of the mice from the latter group.
Determination of levels of cytokines in SPF animals housed for different periods under non-SPF conditions
Determination of the serum level of TNF-a in all the animals at the end of experiment 4 revealed that levels of this cytokine in animals housed for 30 days in the vivarium were increased with respect to those measured in the short-term housing group (P<0.05; Figure 6 ). In Figure 4 . Effect of the duration of exposure to several mouse pathogens on the susceptibility to metastasis of pathogen-free mice (''experiment 3''). Groups of pathogen-free commercial mice (n=8) were housed for different time-intervals (14 and 3 days) in the vicinity of in-house mice infected with Aspiculuris tetraptera and seropositive to MHV and Mycoplasma pulmonis. After such an exposure, both groups of animals (of identical age) were intrasplenically inoculated with 3Â10 5 B16M cells. On day 12 postinoculation, mice were sacrificed and the individual and average metastatic density (a and b, respectively) were determined. Each symbol in panel a represents an animal and dashed lines indicate the average value of each group.
striking similarity with the in-house mice, commercial animals kept in the animal facility for long periods of time experienced a variability next to 3 times higher to that detectable in animals housed for shorter time intervals (Figure 6 ). Interestingly, animals from the long-term-housing group that were seropositive to both MHV and M. pulmonis had levels of TNF-a significantly higher than those detected in animals seropositive only to MHV from the same group (data not shown).
Statistical analysis of the influence of colonization by MHV, M. pulmonis and A. tetrapetra on the metastatic potential of B16M cells
To determine the relative contribution of each of the detected pathogens in the metastatic process and their potential influence in experimental variability, we Figure 5 . Evaluation of hepatic colonization by B16M cells inoculated into commercial mice seropositive to MHV (''experiment 4''). Groups of pathogen-free commercial mice (n=8) were housed for different time-intervals (18 and 3 days) in the vicinity of in-house mice infected with Aspiculuris tetraptera and seropositive to MHV and Mycoplasma pulmonis. Upon arrival, the former animals (long-term housing group) was placed for 3 days in direct contact with in-house mice seropositive to MHV and M. pulmonis. After such an exposure, both groups of animals (of identical age) were intrasplenically inoculated with 3Â10 5 B16M cells. On day 12 postinoculation mice were sacrificed and individual values of metastatic density by group and size of metastasis (a-c, respectively) and the average metastatic density by group and size of metastasis (b-d, respectively) were measured. Each symbol in panels a and c represents an animal and dashed lines indicate the average value of each group (*P<0.05). Figure 6 . Serum concentrations of TNF-a in the mice at the end point of experiment 4. A serum sample was obtained from the retroorbital sinus of each one of the animals (eight per group) used in the experiment shown in Figure 5 . Concentration of TNF-a was determined by ELISA (*P<0.05).
developed a general linear model and stepwise regression as indicated in the Material and methods section.
As shown in Table 4 , general linear model equation indicated that probability (P) values associated with MHV and M. pulmonis (0.019 and 0.041, respectively) are significant (P<0.05), thereby confirming that seropositivity to these two pathogens in the animals correlates with a higher susceptibility to metastasis. On the contrary, the absence of a variable depending on A. tetrapetra values in the equation shown in Table 4 implies that the presence of this pathogen does not have any significant influence on the metastatic process.
In addition, the value of the partial correlation coefficients (see R 2 values in Table 4 ) corresponding to MHV and M. pulmonis (0.30 and 0.26, respectively) denotes that colonization by MHV and by M. pulmonis accounted for 30% and 26%, respectively, of the variability in the number of metastases. Finally, the fact that the P value associated with the residual variability of the model (0.0001 in Table 4 ) was significant (P<0.05) indicates that colonization of the animals by MHV and M. pulmonis does not fully account for the experimental variability observed in the non-SPF animals. Therefore, an additional factor (or factors) of unknown origin seems to contribute to the experimental variability.
Discussion
By using a well-established hepatic metastasis model produced by B16M cells, we have shown that the exposure of SPF mice to common mouse pathogens in conventional facilities increases the susceptibility of the animals to metastasis development. In addition, we showed that seropositivity of the animals to MHV at the time of inoculation of the cancer cells is associated with a higher level of experimental variability in parameters quantifying metastatic colonization of the liver. These conclusions are further supported by a serendipitous observation made when using animals that were seronegative to MHV at the time of inoculation of the melanoma cells. As we showed, those animals displayed the same level of susceptibility to metastasis and the same experimental variability as the SPF control animals. To the best of our knowledge, this is the first report showing evidence that the presence of natural asymptomatic infections can make C57BL/6 mice more susceptible to experimental metastasis.
Our results allow us to formulate two possible hypothesis to explain the increased susceptibility to metastasis detected in the seropositive animals. On the one hand, the elevated basal levels of some proinflammatory cytokines (TNF-a and IL-18) that we detected in the non-SPF animals before the inoculation of the melanoma cells may be able to enhance the metastatic potential of the B16M cells. In support of this hypothesis, we showed that the in-house animals had basal levels of both TNF-a and IL-18 higher than the commercial mice and that a group of former animals displaying such a feature was more susceptible to metastasis than a group of the latter mice. These observations are in good agreement with previous studies reporting that endogenous IL-18 promotes hepatic metastasis in C57BL/6 mice by upregulating melanoma cell adhesion to hepatic sinusoidal endothelial cells [15] .
Additionally, we demonstrated that concentrations of both TNF-a and IL-18 at the end of our susceptibility experiments (see experiments 2 and 4) closely matched the level of severity of the metastatic process detected in the animals irrespective of their origin. Whereas this observation could support our hypothesis that elevated levels of proinflammatory cytokines enhance the metastatic progression of the melanoma cells, it is also likely that such elevated levels may precisely be the result of an enhanced metastatic process. Logically, these two explanations could be perfectly harmonized if the proinflammatory cytokines and the metastases acted as the components of a feedback process.
In the context of this hypothesis, our results point at colonization by MHV and M. pulmonis as the responsible factor for the enhanced susceptibility of the non-SPF animals to metastasis. Thus, both MHV and M. pulmonis have been reported to induce the production of TNF-a [16, 17] and IL-1-beta (another proinflammatory cytokine) in experimentally infected mice [17, 18] . In addition, we have demonstrated that commercial animals inoculated with LPS before melanoma cell administration had levels of TNF-a and IL-18 at the end of the experiment that were indistinguishable from those detected in the in-house animals that were given placebo instead of LPS. This phenomenon indicates that inoculation of LPS in commercial animals gives rise to a proinflammatory situation in these animals similar to that naturally displayed by the in-house animals, suggesting that underlying infections by MHV and M. pulmonis have a stimulatory effect similar to that of LPS. Finally, our results demonstrate that those animals seropositive to both M. pulmonis and MHV are more susceptible to metastasis than those seropositive only to MHV, thereby indicating the possible existence of a synergistic pro-metastatic effect between these two pathogens.
The lack of any macroscopic or microscopic pathology in the liver of mice seropositive to MHV is characteristic of infections by enterotropic MHV [19] . Viruses displaying such a tropism are highly prevalent in mouse colonies throughout Europe and have been reported to go easily undiagnosed due to the consistent absence of specific pathologies in the animals [20] . Although uninfected mice are highly susceptible to MHV, it is well known that transmission efficacy varies depending on the overall viral load and health status of a particular mouse colony [19] . This fact would likely explain the failure to promote natural transmission in experiment 3.
Contrary to MHV and M. pulmonis, our results suggest that infestation of the animals by A. tetraptera is neither associated with an enhanced susceptibility to metastasis nor responsible for the increased experimental variability detected in the non-SPF animals. Thus, we demonstrated that parameters quantifying both experimental dispersion and metastatic progression in SPF animals were indistinguishable from those of animals seronegative to MHV and M. pulmonis but infected with A. tetraptera. In support of this conclusion, our statistical analysis demonstrated that, whereas detection of MHV and M. pulmonis in the animals was associated with a higher susceptibility to metastasis, the presence of A. tetraptera in them was statistically irrelevant.
Taken together, our data suggest that the presence of MHV either by itself or in combination with M. pulmonis appears to enhance the ability of the B16M cells to metastasize in the liver of mice harboring those pathogens.
On the other hand, the increased susceptibility to metastasis detected in the non-SPF animals could be the indirect result of an immunodepression caused by an infectious process. Consistent with this hypothesis, experimental infections of mice with M. pulmonis and MHV have been reported to cause early after challenge (1 and 4 days, respectively) a marked immunodepression lasting at least 28 days [21, 22] . Since the earliest that antibodies to MHV and to M. pulmonis can be detected after a challenge is 10 days for the former pathogen [19] and 14 days for the latter [23] , it is very likely that the SPF animals used in our experiments got infected with MHV (and in some instances with M. pulmonis) during the very first days after their arrival in our vivarium. If so, these animals were in all likelihood within the period of immunomodulation by the time they were inoculated with the melanoma cells.
With regard to the animals of in-house origin, it is known that, in those mouse colonies where MHV is endemic, animals become susceptible to MHV at 7 weeks of age due to the decay of maternal antibodies [19] . Consequently, the uniform seropositivity to MHV detected in all the in-house animals can only be the result of an antibody response mounted against an active infection by MHV, since the mice we used were at least 8-weeks old at the beginning of the experiments. Taken together, these results suggest that, similar to the SPF animals, MHV and M. pulmonis could be causing an immunodepression in the in-house animals at the time of inoculation of the melanoma cells. It is worth noting that the two aforementioned hypotheses are not mutually exclusive and consequently, the two hypothetical mechanisms discussed above could be at work in the non-SPF animals.
Nevertheless, the possibility remains that the mice showing an increased susceptibility to metastasis could have harbored additional pathogens besides MHV and M. pulmonis that could have passed undiagnosed to the extensive analysis performed in the present work. If so, those pathogens should have been able to infect the SPF mice as rapidly and efficiently as MHV and M. pulmonis so that their pro-metastatic effect was detectable within our experimental time frame. To reach a definitive conclusion on this issue, it would be necessary to conduct experimental infections with MHV and M. pulmonis under strict SPF-conditions. Such experiments should also clarify whether M. pulmonis has the ability per se to enhance the metastatic potential of the B16M cells in the absence of a concomitant infection by MHV.
In any case, it seems likely that the increased experimental variability associated with the use of seropositive mice be directly due to the presence of microbial pathogens in those animals since infectious processes have been reported to be one of the most influential sources of experimental variability in laboratory animals [5, 24] . This variability can greatly hamper experiments performed with non-SPF animals since it inevitably leads to an increase in the number of animals per group in an attempt to obtain conclusive results. To illustrate this fact, we calculated that to be able to discriminate differences in metastastic progression between two groups of animals displaying a level of variability similar to that of our SPF animals (i.e. SD=20.8; see experiment 1) we would need a minimum sample size of 8 mice (see Material and methods). In sharp contrast, we would require 62 in-house animals like those used in experiment 1 (i.e. SD=62.9) to detect significant differences. Evidently, such a waste of animals would be totally opposed to ethical principles of animal experimentation.
Importantly, the present study not only demonstrates that the use of non-SPF animals may greatly interfere an otherwise well-design experiment on metastasis progression, but also stresses the importance of subjecting the SPF animals brought into conventional facilities to a periodic microbiological surveillance. As we showed, such an analysis should confirm the absence of MHV and M. pulmonis, particularly when using a mouse model of B16M cell progression similar to the one described in this study. In this regard, we also showed that a histopathological analysis does not provide enough diagnostic sensitivity, as the non-SPF mice used in the present study did not display any macroscopic or microscopic pathology that could be indicative of infection by MHV or M. pulmonis. Therefore, a thorough serological monitoring of the animals at the beginning and at the end of the experiment appears to be highly advisable, at least when housing SPF mice in animal facilities lacking strict containment measures.
Finally, the present work might have an impact on human health as it should lead to clinical studies aimed at investigating the potential metastasis-enhancing effect of infections caused by human pathogens.
